Background: Glucocorticoids are often used in the treatment of nonhematologic malignancy. This review summarizes the clinical evidence of the effect of glucocorticoid therapy on nonhematologic malignancy.
Background
Glucocorticoids are frequently used in the treatment of nonhematologic malignancy to relieve symptoms of can-cer and its treatment. For example, glucocorticoids prevent vomiting and allergic reactions associated with cancer therapy. Glucocorticoids decrease edema in CNS malignancy, and can decrease pain secondary to cancer.
Glucocorticoids are part of the treatment of some cancers. Glucocorticoids, as monotherapy and in combination with ketoconazole or chemotherapy, are used in prostate cancer. They are an option for postmenopausal women with breast cancer. Thymomas are another indication for glucocorticoids. Lymphoma and multiple myeloma can respond to glucocorticoids.
The effect of glucocorticoids on the treatment of solid tumors has been reviewed. In both reviews, the possibility, that combination therapy with glucocorticoids could be detrimental, was raised. In both reviews, there was no mention of prospective clinical studies [1, 2] .
Glucocorticoids are commonly used; the prospect of glucocorticoids having an unfavorable effect on cancer therapy has been brought up. With this in mind, a systematic review was done of clinical research concerning glucocorticoids in nonhematologic malignancy. The data regarding the effects of glucocorticoids, as monotherapy and in combination with other therapies (chemotherapy, hormonal therapy, radiotherapy, surgery), on nonhematologic malignancy was studied. The purpose is to make medical practice recommendations and suggest future research directions.
Methods
All RCTs found of glucocorticoids in nonhematologic malignancy that looked at any of the endpoints of tumor response, tumor control (time to disease progression, time to treatment failure, progression free survival) or overall survival were included. A trial was considered randomized if it was described as such in the manuscript. All such trials that compared a glucocorticoid arm to a nonglucocorticoid arm or compared two glucocorticoid arms were included. All meta-analyses of such randomized controlled trials were included. All phase l/ll trials found of glucocorticoid monotherapy in nonhematologic malignancy, other than breast or prostate cancer, were included. All case series found of glucocorticoid monotherapy in nonhematologic malignancy, other than breast cancer or prostate cancer or thymoma, that contained tumor response data were included. All case reports in nonhematologic malignancy, that showed either tumor suppression or enhancement in response to glucocorticoid monotherapy, were included. In breast cancer, prostate cancer and thymoma, case reports of tumor shrinkage in response to glucocorticoid monotherapy were excluded. Trials, that were unpublished or published in abstract form only, were included. A literature search was performed using the National Library of Medicine PubMed database (1950 ( -September 25, 2007 , EMBASE (1974-2007, week 38) , Cochrane Central Register of Controlled Trials (to third quarter 2007), Cochrane Database of Systematic Reviews (to third quarter 2007), Cochrane Database of Abstracts of Reviews of Effects (to third quarter 2007), ACP Journal Club (1991-September/October 2007), Index Medicus (1949 Medicus ( -1965 , Excerpta Medica , CINAHL (1977-September Week 3 2007), and reference lists in published papers. See Additional file 1 for the search strategies of PubMed, EMBASE, the Cochrane Library (including ACP Journal Club) and CINAHL. The Related Articles feature of PubMed was used to search for additional articles. Science Citation Index was used to check for articles citing the publications making up the systematic review. Conference proceedings of AACR , ASCO , ASTRO/ASTR , ESMO (1977 ESMO ( -2006 , ECCO (1991 ECCO ( -2005 and other relevant conferences were hand searched. The National Guidelines Clearinghouse was used to check for guidelines under the disease category neoplasms available as of September 24, 2007 . The literature was searched for randomized controlled trials, meta-analyses, phase l/ll trials, other clinical observational studies, practice guidelines and reviews (systematic and nonsystematic). There was no language restriction on the literature search. For some trials, authors were contacted to obtain more information. Authors, who had published more recently in this field, were contacted to see if they were aware of any unpublished case series, clinical trials or meta-analyses. Textbooks of medical oncology, radiation oncology and palliative care were reviewed to obtain further references. Ongoing trials (as of September 27, 2007) were searched for at the Clinical Trials section of the NCI website (cancer.gov) using the drug names cortisone, dexamethasone, methylprednisolone, prednisolone, prednisone and therapeutic hydrocortisone.
The author determined the eligibility of the RCTs, metaanalysis, phase l/ll trials, case series and case reports that resulted from the search. Information, regarding trial design, patient characteristics, therapy, results and quality criteria were extracted from the eligible studies by the author. Data was extracted using a standard form.
For RCTs, the quality criteria published by Jaddad et al were used. In this instrument, 0 to 2 points are assigned for randomization, 0 to 2 points are assigned for double blinding and 0 to 1 points are assigned for the description of withdrawals and dropouts. This gives a score ranging from 0 to 5 with a higher score being better [3] . For phase l trials, phase ll trials and case series, the quality criteria are those described by the Centre for Reviews and Dissemina-tion for case series [4] . No published quality criteria for meta-analyses were found, so one was devised.
Information from the clinical trials, case series and the meta-analysis is presented in tables, with the results being synthesized in a narrative manner.
Where RCTs were similar enough in patient characteristics, therapy and endpoints, meta-analyses were performed. Response definitions were those used by the authors of each RCT; only complete and partial responses were included as responses. Followup was assumed to be complete. Survival at selected time points was extrapolated from graphs. If survival graphs were not provided, exponential survival was assumed and the median survival was used to generate survival data. Within trials, the response rates and survival in the two arms formed 2 by 2 tables for which odds ratios and their corresponding 95% confidence intervals and between trial comparisons were made using logistic regression. Homogeneity of the odds ratios across trials was evaluated using a Breslow-Day χ 2 test. Odds ratio estimates and between-group comparisons for the combined trials were made using the Mantel-Haenszel fixed effect model. A result had to have a p value of less than 0.05 to be considered statistically significant.
Results

Results of Literature Search
The literature was searched for clinical studies of glucocorticoids. Studies were eligible if patients had nonhematologic malignancy, and if there were endpoints of tumor response or tumor control or survival. For RCTs and metaanalyses, trials comparing two glucocorticoid arms or a glucocorticoid arm to a nonglucocorticoid arm were eligible. After excluding duplicate publications of the same trial, fifty four RCTs met the eligibility criteria ( and [55] [56] [57] [58] [59] [60] [61] ); one meta-analysis met the eligibility criteria [62] . In nonhematologic malignancy other than breast or prostate cancer, four phase l/ll (nonrandomized) trials of glucocorticoid monotherapy were found [63] [64] [65] [66] . In nonhematologic malignancy other than breast cancer or prostate cancer or thymoma, four case series of glucocorticoid monotherapy with tumor response data were identified [67] [68] [69] [70] . One of the case series is a clinical trial; however, tumor response rate was not a preplanned endpoint, so it is presented as a case series [67] . Three clinical trials, with no available results, were identified [71] [72] [73] . Nine case reports of glucocorticoid monotherapy, other than breast cancer or prostate cancer or thymoma regressing in response to glucocorticoid monotherapy, were found [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] . No article was excluded due to quality.
Glucocorticoids are commonly given as premedication with chemotherapy to prevent nausea and vomiting. In the chemotherapy trials mentioned in this review, there are two trials where it is clear whether glucocorticoids were used as premedication in patients not on the glucocorticoid arm [23, 28] . In the other chemotherapy trials, there is no mention of whether such usage was permitted or not.
Case Reports
There are case reports of nonhematologic malignancy either regressing or having increased growth in response to glucocorticoids. It is reasonably well documented in the literature that thymoma can sometimes respond to glucocorticoids [84] . In melanoma, 2 doses of 100 mg of intravenous hydrocortisone 8 hours apart caused tumor lysis syndrome in a patient with melanoma [74] . There are case reports where glucocorticoids apparently stimulated the growth of melanoma [75, 76] . There is a case report of liver metastasis of thymic carcinoid responding to prednisolone [77] . Metastatic renal cell carcinoma might have shown a complete response to glucocorticoids in two patients [78, 79] . There are case reports where glucocorticoids apparently stimulated the growth of breast cancers [80] [81] [82] [83] .
Case Series
The four case series of glucocorticoid monotherapy are shown in Table 1 [67] [68] [69] [70] . They included patients with a variety of cancers, such as lung cancer, GI cancer, breast cancer and sarcoma. No tumor regression, objective improvement or relief of pain was noted. Glucocorticoid doses were not dissimilar taking into account relative glucocorticoid activities ( Table 2 ). For any particular tumor type, the number of cases is small: the one exception is the 255 lung cancer patients in the case series of de Camp [69] .
With regards to quality, two case series were from tertiary care centers; the two that were not originated from secondary care institutions [67, 69] . Three of the four case series had less than 50 patients [67, 68, 70] . None of the case series were multi-institutional. Three of the four case series did not describe eligibility criteria [68] [69] [70] . In one case series, patients were similar with regards to the state of cancer progression; in the other studies, not enough information was provided to assess similarity [67] . In one case series, followup was long enough to assess whether glucocorticoids could cause cancer to decrease in size; in the other studies, it was unclear if followup was sufficient to assess this [70] . In none of the case series was reduction in tumor size assessed using objective criteria.
Phase l and Phase ll (Nonrandomized) Trials
In phase l/ll (nonrandomized) trials, responses have been noted. Based on responses lasting at least 28 days, responses in the four trials were 0% [63] , 6% [64] , 6% [65] and 6% [66] . In the largest trial (407 patients), 13 of the 24 responses were in breast and prostate cancer with the 2 complete responses being in breast and prostate cancer [66] . The next largest trial was 94 patients with no responses [63] . The phase l/ll (nonrandomized) clinical trials are presented in Table 3 .
The two glucocorticoids used in these clinical trials were fluorometholone and NSC-17256. Fluorometholone may have progestational properties [22] . One hundred mg of NSC-17256 is equivalent to 50-67 mg of prednisone; however, it also has sex steroid properties.
With regards to quality, all the clinical trials were from tertiary care centers. All clinical trials had more than 50 patients. Three of the four trials were multi-institutional [63, 65, 66] . One of the trials did not describe eligibility criteria [65] . In one trial, patients were similar with regards to the state of cancer progression; in the other trials, not enough information was provided to assess similarity [64] . In two trials, followup was long enough to assess whether glucocorticoids could cause cancer to regress in size; in the other two trials, it was unclear if followup was sufficient to assess this [64, 66] . Reduction in tumor size was assessed using objective criteria in three of the studies [64] [65] [66] ; this was unclear in the other study.
Randomized Controlled Trials of Glucocorticoids in the Endocrine Therapy of Advanced Breast Cancer
There are two types of trials in this category. In the first type, glucocorticoids are given as monotherapy and compared to other endocrine therapies given as monotherapy.
There are ten trials of this type, which tend to be small and often use endocrine therapies that are no longer given. In these trials, the vast majority of patients were postmenopausal or enrolment was limited to postmenopausal patients. The results show that glucocorticoids have modest activity in postmenopausal women. A description of these trials is given in Table  4 [5, 15, 18, 19, 22, 38, 47, 55, 56] . The three earliest trials used response criteria that are not readily comparable to presently used response criteria [5, 19, 22] .
The second type of trial is of an endocrine agent +/-glucocorticoids. These trials tend to be larger, more recent and limited to women who are postmenopausal or who received ovarian irradiation. There are four trials in this category: three are of tamoxifen +/-glucocorticoids and one is of aminoglutethimide +/-glucocorticoids. Results are presented in Table 4 [7, 24, 37, 46] . As these trials were more similar in nature, meta-analyses of response rates and survival were undertaken. As seen in Figure 1 , the addition of glucocorticoids to another endocrine therapy resulted in an increased response rate. Figure 2 shows that this addition does not change one year survival rates. However, there was evidence for a lack of homogeneity among the four studies in Figure 2 , as shown by the chisquare test and its p value. The meta-analysis was repeated, except that the trial which was furthest from the other three trials in response rate and survival was omitted [24] . The result of the omission was that the addition of glucocorticoids did not change one year survival rates, although the lack of homogeneity disappeared (odds ratio of 0.91 95% CI 0.77-1.08, X 2 2 = 3.389 p = 0.184).
One unpublished trial of hormonal therapy +/-glucocorticoids, with no available results, was found [72] . 
Randomized Controlled Trials of Glucocorticoids in the Endocrine Therapy of Breast Cancer in the Adjuvant Setting
In this setting, there are trials of endocrine therapy +/-glucocorticoids and trials of glucocorticoid monotherapy compared to no therapy: they are summarized in Table 5 .
The trials of endocrine therapy +/-glucocorticoids consist of two trials of tamoxifen +/-glucocorticoids in postmenopausal women; these trials are negative [6, 9] . This is consistent with the results from the advanced breast cancer setting.
In the first of the two trials of glucocorticoid monotherapy, glucocorticoids weren't beneficial in the postmenopausal group; they might have been beneficial in the premenopausal group, who were treated with ovarian irradiation [44] . In the second trial of glucocorticoid monotherapy, premenopausal women were randomly treated with chemotherapy or ovarian ablation followed by a second randomization to glucocorticoids versus no glucocorticoids. Regardless of whether a woman received chemotherapy or ovarian ablation, glucocorticoids were not beneficial. In the 81% of patient in whom ER status was known, chemotherapy tended to be more effective than ovarian ablation in those with low ER concentrations whereas the opposite was true in those with higher ER concentrations. No such relationship was noted when the no prednisolone/prednisolone arms were compared [13] .
One feature that complicates interpretation of the second trial is that glucocorticoids were started at the time of oophorectomy or at the start of chemotherapy, and were to be given for 5 years unless relapse occurred. Those in the chemotherapy arm got glucocorticoids during their 24 weeks of chemotherapy. This means that this trial could also be considered a chemotherapy +/-glucocorticoids trial. Glucocorticoid administration resulted in less bone marrow suppression during chemotherapy [13] .
Randomized Controlled Trials of Chemotherapy +/-Glucocorticoids in Advanced Breast Cancer
There are eight trials of chemotherapy +/-glucocorticoids in advanced breast cancer [16, 17, 21, 25, 28, 31, 40, 48] ; results are presented in Table 6 . Decreased thrombocytopenia [21, 40] and increased administered chemotherapy dose [21, 40, 48] were associated with glucocorticoid administration in several of these trials.
In six of these trials, response rates are given; in four of these trials, survival data is given. It was felt that there was enough similarity in these trials to perform meta-analyses. Meta-analyses of response rates and survival are presented in Figures 3 and 4 respectively. The addition of glucocorticoids to chemotherapy in the advanced breast cancer setting resulted in an increased response rate. However, there was no effect on one year survival.
Randomized Controlled Trials of Chemotherapy +/-Glucocorticoids of Breast Cancer in the Adjuvant Setting
There are two trials in this category. Both are relatively large trials of CMF+/-prednisone, and both are negative. This is consistent with what has been found in the advanced breast cancer setting. At the time of enrolment, none of the participants were postmenopausal. In comparison to trials that enroll postmenopausal women, this might lessen the possible impact of glucocorticoids as endocrine therapy. However, many women on these trials subsequently developed amenorrhea. In the trial of Tormey et al, 20% subsequently became postmenopausal.
In the trial of the Ludwig Breast Cancer Study Group, 85% subsequently became postmenopausal. A description of these trials is given in Table 7 [12, 53, 85] .
As in the randomized controlled trials of chemotherapy +/ -glucocorticoids in the advanced breast cancer setting, there is evidence of decreased leukopenia [53] , decreased thrombocytopenia [12] , increased chemotherapy dose [53] , and increased chemotherapy dose intensity [12] in the glucocorticoid arms. In one of the trials, there was a significant increase in bone, alone or in combination with other sites, as the site of first relapse in the chemotherapy plus prednisone arm (relative risk of 2.06, 95% CI of 0.91 to 12.31, p = 0.09). The authors postulated that the increased rate of bone metastases as a first relapse site in this arm might be due to cytokine inhibition, which might reduce a putative anti-cancer process in bone, or to increased bone absorption [53] .
Randomized Controlled Trials of Glucocorticoids in Prostate Cancer
In prostate cancer, there are two RCTs of glucocorticoids in untreated patients [43, 59] . Both are trials of orchiectomy versus orchiectomy plus glucocorticoids versus orchiectomy plus cyproterone acetate. The small numbers enrolled preclude analysis, other than it is improbable that glucocorticoids worsen outcome when added to glucorticoids are compared to other hormonal therapies (progestational agents and flutamide), little difference was noted. When glucocorticoids were compared to liarozole (a retinoic acid stimulating agent), glucocorticoids resulted in a better outcome. In the three oldest trials, the response criteria used are not readily comparable to presently used response criteria [8, 33, 35] .
There is one randomized controlled trial of chemotherapy +/-glucocorticoids in prostate cancer [50] . This small trial Second randomization to prednisolone 7.5 mg po daily for 5 years vs. no prednisolone after first randomization to ovarian ablation vs. CMF (IV); 165/NR vs. 167/NR in second randomization 3 prednisolone effect did not depend on whether CMF or ovarian ablation (p = 0.46); hazard ratio and 95% CI for deaths for +/-prednisolone was 1. has been published in abstract form only; it is difficult to draw conclusions based on the information presented.
See Table 8 for a description of these trials.
There are two ongoing randomized controlled trials of chemotherapy +/-glucocorticoids in hormone refractory prostate cancer; results are not available [71, 73] .
Randomized Controlled Trials of Glucocorticoids in GI Cancer
There is one trial comparing glucocorticoid monotherapy to placebo in GI cancer; no difference in survival was found [26] .
There are two trials of chemotherapy +/-glucocorticoids in GI cancer [11, 20] . One of the two trials used response criteria that are not readily comparable to those presently used. In that trial, fluorometholone monotherapy had a response rate of 9%. The addition of fluorometholone to 5-FU did not change the response rate of 13% [20] . In the other trial of chemotherapy +/-glucocorticoids (FUDR +/ -dexamethasone), the addition of glucocorticoids resulted in an increased response rate and a borderline improvement in survival (p = 0.06). However, FUDR dose, as the mean percentage of planned FUDR dose, was 61% and 52% in the FUDR/dexamethasone arm and FUDR arm respectively (p = 0.13). At least in part, the increased dose of FUDR in the FUDR/dexamethasone arm was due to the decreased biliary toxicity associated with concurrent dexamethasone administration resulting in less FUDR dose reductions. The chemoprotective property of dexamethasone, allowing a greater FUDR dose, may have contributed to the improved results in the combined arm [11] . Other postulated reasons are a potentiation of FUDR cytotoxicity by dexamethasone and a potential antiangiogenic property of dexamethasone [86, 87] . 3 13 year disease-free survival of 52% vs. 49% (p = 0.39), 13 year overall survival of 65% vs. 59% (p = 0.30)
There are two trials of preoperative glucocorticoids in patients scheduled to undergo esophagectomy; there was no effect on survival [51, 58] .
A description of the GI trials is given in Table 9 .
Randomized Controlled Trial of Glucocorticoids in Patients with Primary CNS Neoplasms
The one RCT of glucocorticoids in primary CNS neoplasms is described in Table 10 . This trial uses a higher dose of glucocorticoids than any other trial described in this review; however, administration was on an intermittent, rather than a continuous, basis. This trial compared methyprednisolone versus BCNU versus BCNU plus methylprednisolone versus procarbazine. The addition of methylprednisolone to BCNU had a neutral effect on survival. Infection was significantly greater in the BCNU plus methylprednisolone arm than the other arms; information on the type and severity of infection is not available. The mean number of courses of chemotherapy was identical in the BCNU and BCNU + methylprednisolone arms. The mean radiotherapy dose +/-SE (rads) was 5701 +/-79 in the methylprednisolone arm and 5589 +/-96 in the BCNU + methylprednisolone arm [23] .
Randomized Controlled Trials of Glucocorticoids in Patients with GU Neoplasms
No trials were found in this category.
Randomized Controlled Trials and Meta-analysis of Glucocorticoids in Patients with a Variety of Cancers
There are five randomized controlled trials of glucocorticoid monotherapy in patients with a variety of cancers; these trials are dissimilar in nature.
The first two trials used glucocorticoid doses higher than any other trial in this review, with the exception of the previously mentioned randomized controlled trial in CNS neoplasms. However, glucocorticoid administration was continuous in these two trials. Also, administration was intravenous; the bioavailability of oral methyprednisolone is 82% [88] . The two trials are very similar, except that enrolment was limited to females with the second trial [30, 39] . With this in mind, a survival meta-analysis was performed, with the results presented in Figure 5 . Figure 5 shows that this high dose continuous gluccorticoid schedule had a detrimental effect on mortality. In the first trial, the cause for the difference in mortality was unknown. In the second trial, there were significantly more gastrointestinal and cardiovascular adverse events in the glucocorticoid arm; the severity and outcome of these events did not significantly differ. Infectious complications occurred in 11.8% of the treated patients and 14.8% of the placebo patients [39] .
The third trial consists mostly of GI patients, and compared indomethacin to prednisolone to placebo. The results suggest that prednisolone might have a beneficial effect on survival [14] .
The fourth trial compares a progestational agent to dexamethasone to an androgen; no difference in survival was observed. The patients were mostly lung and GI cancer patients. Fifty three percent and twenty percent of the patients had planned concurrent chemotherapy and radiation therapy respectively.
The fifth trial compares opioids to opioids plus dexamethasone; no survival difference was found. This was a There is a meta-analysis of three small RCTs of glucocorticoids in patients with bowel obstruction secondary to malignancy. The treatment period in these 3 trials lasted from 3-10 days; after the treatment period, glucocorticoids were not prohibited. There was no survival difference [62] .
There are two trials of chemotherapy +/-glucocorticoids.
In the older of these two trials, glucocorticoids had a neutral effect. In this trial, the remission criteria are not readily comparable to those presently used [27] . In the second trial, glucocorticoids ameliorated the GI toxicity of perifosine resulting in longer duration of treatment in the glucocorticoid arm: glucocorticoids may have acted as a chemoprotective agent [52] .
Finally, there is one trial of radiation +/-glucocorticoids in patients with epidural metastases of a carcinoma compressing the spinal cord or cauda equina [29] ; there is a second trial comparing two doses of glucocorticoids in patients with spinal cord compression [57] . In both of these trials, a large proportion of patients had breast or prostate cancer. There was no survival difference in either trial.
About the quality of the meta-analysis, the inclusion criteria were objective and explicit. The literature search was thorough. There was quality assessment of the clinical trials that made up the meta-analysis. There was independent data abstraction by two reviewers. Individual patient data was used to obtain survival analysis. However, the meta-analysis is based on the results of 83 patients [62] .
A description of these trials and the meta-analysis is given in Table 11 . 
Forest Plot of Eight Week Mortality Rates in Two Trials of Glucocorticoid Monotherapy in Nonhematologic Malignancy
Randomized Controlled Trials of Glucocorticoids in Lung Cancer
There are two randomized controlled trials of glucocorticoid monotherapy in lung cancer [10, 41, 42] , with both being described in Table 12 . In the first trial, those in the glucocorticoid arm did worse than those in the placebo arm. As causes of death, rates of pulmonary infection, hemorrhage, heart failure and perforated ulcer were very similar between the placebo and cortisone arms. The authors stated that they were unable to explain why the cortisone arm did worse [41] . In a later publication regarding this trial, it is noted that results were not different between patients, who had received prior to the trial, surgery, radiation therapy or who hadn't received either therapy. Although it is unclear how systematically this was studied, the authors did not observe a difference in the rate of cancer progression between the placebo and cortisone arms based on x-ray and autopsy information [42] . The second trial is a comparison of prednisolone versus megestrol acetate; those in the megestrol acetate arm did significantly worse [10] . As mentioned in Table 12 , no radiation with a curative intent or chemotherapy was given in the second trial (F. Macbeth, personal communication).
In lung cancer, there are two randomized controlled trials of chemotherapy +/-glucocorticoids; both are included in Table 12 . The first trial was of cyclophosphamide +/-prednisolone; the addition of prednisolone resulted in a lower response rate and decreased survival. Of the planned cyclophosphamide doses, 88% were administered in the cyclophosphamide arm and 69% were administered in the combined arm. As for treatment delays, 4 patients were delayed 1-2 weeks with 3 of these being in the cyclophosphamide arm. No patient died of treatment in the cyclophosphamide arm, but 3 died of infection in the combined arm. Six patients had infections requiring hospitalization in the cyclophosphamide arm, compared to 2 in the combined arm. There was no significant difference in hematologic toxicity between the 2 arms. There was a trend for less leukopenia in the combined arm. In the cyclophosphamide arm, a leukocyte count of less than 1999 cells/mm 3 occurred in 43% of patients in cycle 1, 96% in cycle 2 and 100% in cycle 3. In the combined arm, comparable data is 28% in cycle 1, 60% in cycle 2 and [34] . In the second trial of chemotherapy +/-glucocorticoids, patients were given four cycles of chemotherapy. Those in the chemotherapy + glucocorticoid arms (cohorts 2 and 3) received dexamethasone with the last three cycles; cohort 1 received only chemotherapy. Neutropenia and thrombocytopenia were significantly decreased by the use of glucocorticoids [89] .
Discussion
As monotherapy, glucocorticoids are thought to have activity in breast cancer, prostate cancer and thymoma. The evidence found in this review is consistent with that.
In Table 2 , no responses were observed in case series data. Although the quality of this generally older data is not comparable to that from present clinical trials, it is unlikely that major changes went undetected. In Table 3 , there is mention of responses in cancers other than breast, prostate or thymoma in clinical trial data. However, responses in these older trials were determined by physical examination and xrays. If present day imaging had been used in these trials, it would not have been surprising if response rates were lower than those given. In one trial, it was postulated that some tumor responses may have been a consequence of anti-inflammatory activity, rather than anti-tumor activity [64] .
A postulated mechanism of action of glucocorticoids in prostate cancer is adrenal androgen suppression [90] . For breast cancer, postulated mechanisms are adrenocortical inhibition and interaction with glucocorticoid receptors [91] . The one breast cancer trial which looked at whether there was a correlation between ER status and the effect of glucocorticoids did not find one [13] . This lack of correlation suggests that glucocorticoid therapy does not act through the ER receptor. If this is true, a patient's menstrual status may be important with regards to the effectiveness of glucocorticoids. This is relevant, because some of the RCTs of glucocorticoids in breast cancer, especially the chemotherapy trials, included premenopausal women.
Meta-analyses of endocrine therapy +/-glucocorticoids in advanced breast cancer were undertaken. An increased response rate was noted, but there was no improvement in survival. A previous meta-analysis of tamoxifen +/other endocrine therapy in metastatic breast cancer has been published [92] . This meta-analysis included two of the four papers used in the meta-analysis presented in this publication. The previously published meta-analysis also showed an improved response rate, but no improvement in survival
There was heterogeneity noted in the survival meta-analysis of endocrine therapy +/-glucocorticoids in advanced breast cancer. A critical variable in response to endocrine therapy is ER/PR status. In the four older trials used in that meta-analysis, one trial enrolled patients regardless of ER/ PR status [24] . In all four trials, patients of unknown receptor status were enrolled; the percentage of patients with unknown receptor status was as high as 47% [37] . Receptor heterogeneity may explain in part the observed statistical heterogeneity.
Meta-analyses of chemotherapy +/-glucocorticoids in advanced breast cancer were undertaken. Once again, an increased response rate was noted, but no improvement in survival. The meta-analysis of tamoxifen +/-other endocrine therapy in metastatic breast cancer also included a meta-analysis of chemotherapy +/-endocrine therapy. That meta-analysis did not include any of the six trials included in this publication's meta-analysis of chemotherapy +/-glucocorticoids. The meta-analysis of chemotherapy +/-endocrine therapy similarly showed an improved response rate, but no change in survival [92] .
In several breast cancer trials of chemotherapy +/-glucocorticoids, there was increased chemotherapy dose administered and less hematologic toxicity in the arms receiving glucocorticoids. The information presented in the results section may underestimate these effects, as trials in which there were nonsignificant differences are not mentioned. This decreased hematologic toxicity is consistent with the known effects of glucocorticoids on the hematopoeitic system [93] . In the RCTs of chemotherapy +/-glucocorticoids of breast cancer in the adjuvant setting, increased chemotherapy dose/dose intensity and decreased hematologic toxicity did not translate into improved outcomes. However, the two trials reporting this were trials of 12 months of chemotherapy [12, 85] .
With such prolonged chemotherapy, cumulative dose and dose intensity may be less important. Glucocorticoids are commonly given with chemotherapy to patients with metastatic breast cancer as antiemetics; they may be doing more than preventing nausea and vomiting in some patients.
In prostate cancer, glucocorticoids are used in combination with other endocrine therapy (ketoconazole) and chemotherapy. The evidence for this is not strong. If the breast cancer results are applicable to prostate cancer, it is debatable whether such combination therapy is of benefit.
The RCTs of glucocorticoids in GI cancer would suggest that the effect of glucocorticoids is neutral. However, GI cancer includes a diverse group of cancers; one cannot exclude the possibility that glucocorticoids might not have a neutral effect in a particular type of GI cancer. The trial of Lundholm et al is presented in Table 11 because patients with a variety of cancer were eligible; however, 79% of the patients had GI cancer. In that trial, there is a suggestion that glucocorticoids might improve outcome [14] .
There were two trials of high dose continuous glucocorticoids compared to placebo in patients with nonhematologic malignancy. There was only one other randomized controlled trial which used a glucocorticoid dose that was greater than the dose used in those two trials. In that trial, patients were on glucocorticoids only one quarter of the time [23] . When the results of the two trials of high dose continous glucocorticoids were combined in a meta-analysis, there was a detrimental effect of glucocorticoids on mortality. This raises the possibility that glucocorticoids, at sufficient dose, may have an adverse effect on patients with nonhematologic malignancy. This is especially relevant to patients with primary and secondary CNS malignancy, where doses of 16 mg per day of dexamethasone are used.
It also raises the question of what is a safe dose of glucocorticoids in patients with nonhematologic malignancy. The answer to this may in part depend on the site of origin of the cancer. In GI cancer, dexamethasone 6 mg daily appears to be safe [26] . In lung cancer, 100 mg daily of cortisone may be unsafe [41] . In the two trials of continuous high dose glucocorticoids, a considerable portion of the patients had breast cancer. In one of the two trials, survival was analyzed according to the origin of the cancer. When the treatment and placebo groups were compared in these analyses, no differences of statistical significance were observed [39] .
The only other evidence of glucocorticoids, resulting in a worse outcome than those in the placebo/best supportive care arm, is in the single trial of lung cancer. This 1960 publication gives limited statistical detail. However, it appears that the difference between the glucocorticoid arm and the placebo arm had a p value of 0.02. It is difficult to explain the worse outcome on the dose of glucocorticoid given, as the daily dose was 100 mg of cortisone [41] .
The only trial of chemotherapy +/-glucocorticoids, in which the glucocorticoid arm did worse, is in lung cancer. There was a nonsignificant trend for decreased leukopenia in this trial [34] . Others have observed decreased granulocytopenia [94, 95] and decreased thrombocytopenia [94] when glucocorticoids are given with chemotherapy in lung cancer patients. In the lung cancer trial of cyclophosphamide +/-prednisone, the authors postulated that the differences found between the 2 arms might be due to the effect of prednisone on the metabolism of cyclophosphamide; however, they themselves noted that both the animal and human data on this effect are conflicting. In the trials of chemotherapy +/-glucocorticoids in breast cancer, a number of the trials included cyclophosphamide as part of CMF. The dose of glucocorticoids given in the lung cancer trial of chemotherapy +/-glucocorticoids is not greatly different than the dose given commonly as an antiemetic to lung cancer patients on chemotherapy.
It cannot be ruled out that glucocorticoids have an effect on the newer targeted therapies. Glucocorticoids are commonly given with monoclonal antibodies. A postulated mechanism of action of one of those antibodies, trastuzumab, is via antibody-dependent cellular cytotoxicity [96] .
There is evidence that glucocorticoid may inhibit antibody-dependent cellular cytotoxicity [97] .
There are limitations to the meta-analyses presented in this study. Firstly, there may be unpublished randomized controlled trials that are not included. Secondly, survival was extrapolated from summary graphs and data, and the point estimates are not as accurate as those that could have been derived from the individual patient data. Thirdly, the number of trials and the number of patients in each trial tended to be small; this makes heterogeneity more likely. For each meta-analysis, a chi-square test was used to assess heterogeneity. However, a chi-square test has low power if there are few trials or sample sizes are small.
There is evidence that glucocorticoids have an effect on the natural history of some nonhematologic malignancies. However, that is not the only source of glucocorticoids that a cancer is exposed to. One's own body synthesizes endogenous glucocorticoids. This raises the question of what effect endogenous glucocorticoids have on nonhematologic malignancy. The possible effect of endogenous glucocorticoids on lung cancer is the subject of another review (manuscript in preparation).
Breast cancer, prostate cancer and possibly lung cancer show sensitivity to glucocorticoids. There may be variability within cancers of each type in their sensitivity. This raises the issue of predictive factors, that might assist in assessing glucocorticoid sensitivity. Glucocorticoid receptor status or histologic subtype (in lung cancer) might be relevant. A genomic/proteomic approach to explore this possibility might be useful.
Conclusion
The effect of glucocorticoids in nonhematologic malignancy depend on the primary tumor site. Glucocorticoids have a beneficial effect in breast and prostate cancer as monotherapy. In combination with chemotherapy or other endocrine therapy in breast cancer; glucocorticoids increase response rate, but do not change survival. In GI cancer, they most likely have a neutral effect. High dose continuous glucocorticoids, in patients with nonhematologic malignancy, decrease survival. Such treatment should be avoided in patients with nonhematologic malignancy. Based on ASCO criteria, this is a grade B recommendation based on level ll evidence. In lung cancer, glucocorticoids might have a deleterious effect by themselves and when given with chemotherapy. It is recommended that glucocorticoid use in lung cancer patients be kept to the minimum required. This is a grade B recommendation based on level ll evidence.
